Abstract
Introduction
Several randomized control trials have shown that persistent cardiovascular risk remains in spite of reducing the level of low-density lipoprotein cholesterol (LDL-C) with intensive statin therapy [1] . In contrast, an inverse relation between the level of high-density lipoprotein cholesterol (HDL-C) and the rate of cardiovascular events has been revealed in a number of studies [2, 3] . A high Jin Sup Park et al., HDL-C in acute myocardial infarction HDL-C level is associated with cardioprotective and anti-inflammatory effects, and achieving it represents a potential therapeutic strategy to reduce cardiovascular risk [4] .
Whether low HDL-C levels predict poor cardiovascular outcomes in acute myocardial infarction (AMI) patients has been a matter of controversy [5, 6] . In this regard, vascular effects of HDL-C can be highly heterogeneous in various clinical conditions [7] , and its anti-inflammatory function may be impaired in patients with coronary artery disease (CAD) [8] . It is therefore important to verify the protective role of high HDL-C levels in patients with AMI.
In the present study, the predictive and protective role of HDL-C in a cohort of Asian patients with AMI undergoing percutaneous coronary intervention (PCI) and intensive statin therapy were evaluated.
Methods

Study population
In this prospective, multicenter, observational registry-based study, the data of 31,149 patients with ST-elevation myocardial infarction (STEMI) and non-STEMI (NSTEMI) from 53 hospitals were retrieved from the Korean Acute Myocardial Infarction Registry (KAMIR) between 2006 and 2012 [9, 10] . This was retrospective study based on the KAMIR registry. The 53 participating centers included high-volume university or community hospitals with facilities for PCI and on-site cardiac surgery. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki as reflected by prior approval by the human research committee of each participating institution. Informed consent for use of data was obtained from each patient. Clinical and laboratory characteristics and outcomes were collected by trained study coordinators using a standardized case report form and protocol. Angiographic characteristics such as American College of Cardiology/American Heart Association (ACC/AHA) lesion type or thrombolysis in myocardial infarction (TIMI) flow grade were assessed by the surgeons. Clinical follow-up was performed at 1, 2, 6, 12, and 24 months after discharge from hospital.
The inclusion criteria for the present study were as follows: (1) age ≥ 18 years; (2) diagnosis of STEMI or NSTEMI; (3) absence of clinical events during hospitalization; and (4) statins use at discharge. The exclusion criterion was missing information on serum HDL-C level.
Among the 31,149 patients registered in the above mentioned database, a total of 15,290 AMI patients treated with statins were eligible for this study. The patients were divided into three groups based on serum HDL-C levels at baseline according to the Adult Treatment Panel III (ATP III) guidelines (group A: 7,308 patients with low HDL-C, group B: 6,827 patients with normal HDL-C, group C: 1,155 patients with high HDL-C) (Fig. 1) . The median follow-up period was 347 days (interquartile range: 59-403 days). Follow-up information was obtained in 14,830 patients (97%, excluding 460 patients who died during hospitalization) among the initial 15,290 patients.
Definitions and outcomes
Blood samples were collected at admission, except for the samples used for obtaining lipid profiles, which were collected after overnight fasting.
According to the ATP III guidelines [11], a low HDL-C level (group A) was defined as a concentration of HDL-C below 40 mg/dL for men and 50 mg/dL for women. A high HDL-C level (group C) was defined as a concentration of HDL-C over 60 mg/dL. A normal HDL-C level (group B) was defined as an HDL-C concentration between the limits of the low and high HDL-C groups.
The primary outcome was the composite of cardiovascular death and recurrent MI during the follow-up period. Secondary outcomes included cardiovascular death, all-cause death, recurrent MI, any revascularization, and major adverse cardiac events (MACE), which included all-cause death, recurrent MI, and any revascularization during the follow-up. All events were identified by the patient's physician and confirmed by the principal investigator of each hospital.
Statistical analyses
Continuous variables were compared using Student's t-test or the Wilcoxon rank-sum test, and categorical variables were compared using the c 2 test or Fisher's exact test, as appropriate. Because of significant differences in a large number of baseline clinical and angiographic characteristics between the three groups, propensity score adjustment was performed. Since only pairwise comparisons are allowed in propensity score adjustment, the groups were combined and compared in the following manner: low HDL-C group vs. combined normal-high HDL-C group and combined low-normal HDL-C group vs. high HDL-C group.
In the main analysis, a propensity score was calculated and used to adjust the between-group comparisons of cardiovascular outcomes [12] . The propensity score was estimated using a nonparsimonious multivariate logistic regression model, with low HDL-C level or high HDL-C level in each subgroup as the dependent variable and characteristics that potentially affect cardiovascular outcomes, including age, sex, history of ischemic heart disease, hypertension, diabetes, dyslipidemia, smoking status, Killip class, number of diseased vessels, post-TIMI flow, initial left ventricular ejection fraction (LVEF), serum creatinine level, serum glucose level, peak troponin I, and use of acetylsalicylic acid, clopidogrel, beta-blockers, angiotensin converting enzyme inhibitors, aldosterone receptor blockers, spironolactone, and insulin.
An additional analysis was performed on matched pairs of patients between each subgroup (group A vs. group B + C, group A + B vs. group C). Each propensity score matching was performed using the nearest neighbor method (1:1 for group A vs. group B + C, 3:1 for group A + B vs. group C without replacement) with a caliper width of 0.1. Absolute standardized differences for all covariates before and after matching were estimated to evaluate bias reduction using the propensity score matching method. After propensity score matching, all absolute standardized differences were below 10%, indicating adequate matching. Comparisons of baseline clinical and angiographic characteristics between the matched groups were performed using Student's t-test for continuous variables and the c 2 test for categorical variables. Risk of negative cardiovascular outcomes between all the subgroups in the propensity scoreadjusted cohort were compared using the Cox proportional hazard regression model with the propensity score as a covariate. Adjusted cumulative survival curves were calculated using the corrected group prognosis method. A secondary analysis was done using the Cox proportional hazard regression model stratified on the matched pairs. Proportional hazard assumptions were tested by using the log-log survival plot and Schoenfeld residuals. Subgroup analysis was also performed only in the propensity score-matched cohort based on the type of MI (STEMI or NSTEMI).
Sensitivity analysis was performed to assess the robustness of results. An inverse probability of treatment weight (IPTW) approach was used because it utilizes the whole patient population rather than the reduced population obtained by the propensity score matching, resulting in greater power and precision [13] . 
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A multiple Cox regression analysis was performed to predict risk factors of negative cardiovascular outcome during the follow-up using baseline and angiographic characteristics associated with cardiac death and MI in a simple Cox regression analysis (p < 0.1) with > 90% data availability.
All reported p values were 2-sided, and p values < 0.05 were considered to indicate statistically significant differences. All analyses were performed with SPSS 21.0 for Windows (SPSS Inc., Chicago, IL) and R (version 2.14.2) using freely distributed statistical packages, as well as SAS software, version 9.3 (SAS Institute, Cary, NC, USA).
Results
Major differences in baseline and angiographic characteristics between the three groups were consistently found in propensity score-adjusted cohort (Table 1) . After matching between divided subgroups, all absolute standardized differences were within 10%, which suggests adequate matching.
Overall study outcomes
In the propensity score-adjusted cohort, 174 (2%) patients experienced at least one primary event (cardiovascular death or recurrent MI) during the follow-up period. The rate of primary outcome was highest in low HDL-C group (group A) and similar in normal and high HDL-C groups (groups B and C) (Fig. 2 ). An increased risk of primary outcome (hazard ratio [HR] 1.755, confidence interval [CI] 1.274-2.417, p = 0.001) was found in group A, which was driven by an increase in cardiovascular death (HR 2.233, CI 1.465-3.404, p < 0.001) and eventually in all-cause death (HR 1.486, CI 1.084-2.036, p = 0.014), whereas the risk of primary outcome was not reduced in group C (HR 0.562, CI 0.275-1.146, p = 0.113) ( Table 2 ). There were no differences in the risk of MI recurrence and MACE.
Outcomes in patients with low HDL-C level
When these analyses were repeated in the matched cohort (group A vs. group B + C), risk of primary outcome was increased in Group A (2.5% vs. 1.5%, HR 1.716, CI 1.210-2.434, p = 0.002) (Fig. 3A, Table 3 ). There were no differences in the risks of MI recurrence, all-cause death, and MACE between the groups.
Analyses by the propensity score matching method were repeated in the subgroups including STEMI and NSTEMI patients. In the matched cohort (group A vs. group B + C), low HDL-C level tended to be associated with an increased risk of primary outcome in STEMI patients, but the difference was not statistically significant (HR 1.542, CI 0.969-2.453, p = 0.068). In contrast, low HDL-C level was associated with an increased risk of primary outcome in NSTEMI patients (HR 2.058, CI 1.195-3.546, p = 0.009).
Outcomes in patients with high HDL-C level
The analysis of the second matched cohort (group A + B vs. group C) revealed a decrease in risk of primary outcome (2.7% vs. 1.2%, HR 0.449, CI 0.214-0.946, p = 0.035) (Fig. 3B, Table 3 ). There were no differences in the risk of secondary outcomes. The analyses by the propensity score matching method were repeated in STEMI and NSTEMI subgroups. Interestingly, high HDL-C level was associated with a reduction in the risk of primary outcome in the STEMI patients (HR 0.267, CI 0.081-0.873, p = 0.029) but not in the NSTEMI patients (HR 0.774, CI 0.292-2.053, p = 0.606).
Sensitivity analysis
Sensitivity analyses were performed for the primary outcome using weighted Cox regression by the IPTW method. An increased risk of cardiovascular death and MI was found in the low HDL-C group (HR 1.758, 95% CI 1.414-2.186, p < 0.001). Furthermore, the risk of cardiovascular death and MI was reduced in the high HDL-C group (HR 0.632, 95% CI 0.500-0.797, p < 0.001). This confirmed the results of the main analyses.
Independent predictors of cardiovascular events
The simple Cox regression analysis of the propensity score-adjusted cohort showed that old age, female sex, high Killip class, history of prior ischemic heart disease, hypertension, diabetes mellitus, three-vessel disease, post-procedural TIMI flow grades 2 and 3, low LVEF, high serum levels of glucose or creatinine at presentation, and high peak serum level of troponin were associated with cardiovascular death and MI during the follow-up (Table 4) . After the adjustment for old age, high Killip class, and low LVEF continued to show a significant association with cardiovascular death and MI during the follow-up.
Discussion
In the present study, the predictive and protective role of HDL-C in AMI patients was inves- ACE -angiotensin converting enzyme; BP -blood pressure; HDL-C -high-density lipoprotein cholesterol; LDL-C -low-density lipoprotein cholesterol; PCI -percutaneous coronary intervention; TIMI -thrombolysis in myocardial infarction Jin Sup Park et al., HDL-C in acute myocardial infarction tigated. evidence was found that the initial level of HDL-C affected cardiovascular outcomes in a cohort of Asian patients with acute AMI that were treated with statins. Thus, the rate of cardiovascular death and MI recurrence was higher in the patients with low HDL-C level, whereas high HDL-C level was associated with a lower rate of major cardiovascular events. Importantly, the application of different adjustment methods did not affect these findings. Moreover, subgroup analyses revealed that low HDL-C level was associated with a significantly higher risk of major cardiovascular events in the NSTEMI patients and only a modestly increased risk in the STEMI patients. Finally, high HDL-C level was associated with a lower risk of major cardiovascular events only in STEMI patients.
Lower HDL-C levels have been shown to be associated with a higher risk of cardiovascular events and greater severity of atherosclerosis even in patients with lower LDL levels, including those treated with statins [2] . Moreover, several studies have demonstrated that low HDL-C level in NSTEMI patients was predictive of major adverse cardiovascular events [5, 14] . In addition, low initial HDL-C level was associated with a significantly higher risk of cardiovascular events in STEMI patients [15] . However, the design of the above studies included the use of a constant value of HDL-C, and baseline and angiographic characteristics that might affect clinical outcomes were not properly compensated for. In order to rule out confounding effects of covariates, a propensity score model was built and two 1:1 cohorts of Table 2 . The risk of negative clinical outcomes for patients with low and high high-density lipoprotein cholesterol (HDL-C) level in the propensity-adjusted cohort. optimally matched patients were obtained in the present study. Low initial HDL-C level was found to directly correlate with cardiovascular events (HR 1.716). Moreover, a consistent result (HR 1.758) was obtained using IPTW methods. The present analysis strengthens the notion that low HDL-C levels may be a predictor of cardiovascular outcomes in AMI patients.
The vasoprotective effect of HDL-C is thought to be related to reverse macrophage cholesterol transport [16] . Furthermore, it has been recently found that HDL-C facilitates endothelial homeostasis via the increase in nitric oxide production as well as the inhibition of critical pathways involved in vascular inflammation and endothelial apoptosis. It has also been reported that the ability of HDL-C to stimulate nitrate oxide production and promote endothelial repair is impaired in patients with CAD [17] . Based on these observations, the term "dysfunctional HDL-C" was introduced, which indicates the loss of anti-inflammatory and vasoprotective effects [8] . The results of a recent study that used the values of > 50 mg/dL for women and > 40 mg/dL for men, as a definition of high HDL-C level have suggested that higher HDL-C levels are not associated with reduced risk of vascular events in CAD patients [18] . In the present study, high HDL-C level as > 60 mg/dL were defined accord- Several clinical trials and meta-analyses indicated that raising HDL-C might reduce future cardiovascular events and also the atherosclerotic burden itself. Several studies which were conducted based on the modulation of HDL-C by agonizing nuclear transcription factors and the enzyme responsible for HDL metabolism in serum have failed to demonstrate the protection against future cardiac events [19] . HDL metabolism and modulation were far more complex than was thought, and changes in specific circumstances such as disease entity and disease progression [20] . Focus now moved to modulating various sub-fraction of HDL-C, which might lead to reduced residual risk after statin therapy [21] .
Limitations of the study
The main limitation of the present study is its retrospective nature. Despite the use of propensity score analysis and sensitivity analysis that employed the IPTW approach to control for selection bias, unidentified confounders may have influenced the results. Furthermore, several studies have suggested that serum lipid levels after AMI may not represent true baseline levels [22] , which may potentially have affected results. However, other reports indicate that HDL-C levels obtained within the first 24 to 48 hours subsequent tohospital admission are a reliable measure of true baseline status [23, 24] , which justifiesthis approach to the HDL-C level measurements. Finally, lipid profile was not monitored during the follow-up period.
Conclusions
Initial HDL-C levels may predict cardiovascular events in AMI patients undergoing intensive statin treatment. In particular, low HDL-C levels were associated with increased incidence of cardiovascular death and recurrent MI. Furthermore, high HDL-C levels were possibly associated with reduced risk of cardiovascular events, especially in STEMI patients, indicating a potential protective effect.
